Recent progress with optogenetic probes for imaging and manipulating neural activity has further increased the relevance of fiber-optic systems for neural circuitry research. Optical fibers, which bidirectionally transmit light between separate sites (even at a distance of several meters), can be used for either optical imaging or manipulating neural activity relevant to behavioral circuitry mechanisms. The method's flexibility and the specifications of the light structure are well suited for following the behavior of freely moving animals. Furthermore, thin optical fibers allow researchers to monitor neural activity from not only the cortical surface but also deep brain regions, including the hippocampus and amygdala. Such regions are difficult to target with two-photon microscopes. Optogenetic manipulation of neural activity with an optical fiber has the advantage of being selective for both cell-types and projections as compared to conventional electrophysiological brain tissue stimulation. It is difficult to extract any data regarding changes in neural activity solely from a fiber-optic manipulation device; however, the readout of data is made possible by combining manipulation with electrophysiological recording, or the simultaneous application of optical imaging and manipulation using a bundle-fiber. The present review introduces recent progress in fiber-optic imaging and manipulation methods, while also discussing fiber-optic system designs that are suitable for a given experimental protocol.
Introduction
One of the central questions in neuroscience is how neural activity creates diverse brain functions and resultant behaviors. To answer this question, neural activity must be recorded during behavior, in order to establish its causal role. In vivo, conventional optical imaging -using two or one-photon microscopycan reveal neural activity with high spatial resolution: within individual somata (Mank et al., 2008; Stosiek et al., 2003; Tian et al., 2009) , dendrites (Chen et al., 2011 (Chen et al., , 2013 Palmer et al., 2014; Xu et al., 2012) , dendritic spines (Chen et al., 2011 (Chen et al., , 2013 Ciocchi et al., 2010; Jia et al., 2010) , and axonal boutons (Kaifosh et al., 2013; Petreanu et al., 2012) . However, conventional optical microscopy cannot be applied to freely moving animals since an animal's head needs to be fixed to a recording stage. A virtual reality system, in which the animal's head is fixed, but the animal can move its legs on a ball or treadmill, can be used for behavioral neural recording (Dombeck et al., 2010; Harvey et al., 2009 ). However, some animal behaviors are incompatible with, or poorly adapted to, head-restrained conditions. Examples include social behaviors (e.g., fighting, mating, caregiving); stress or anxiety-related behaviors that might be influenced by the head restraint; and motor behaviors involving head and neck motion, standing, or jumping. To overcome these technical issues, fiber-optic imaging/recording systems have been developed for freely moving animals (Flusberg et al., 2005; Sawinski et al., 2009 ). In our definition, "fiber-optic imaging" is distinguished from 'fiber-optic recording' in that the former has spatial resolution, whereas the latter does not. These systems can image/record Ca 2+ activity from the soma of neurons at the brain surface. Furthermore, optical fibers can access not only the brain surface but also deep brain regions, including the hippocampus (Doronina-Amitonova et al., 2013; Hirano et al., 1996; Kudo et al., 1992; Sawinski et al., 2009 ) and hypothalamus (Gunaydin et al., 2014) , which are inaccessible using conventional two-photon microscopy. In addition to imaging/recording from soma, the improvement of these systems has allowed us to monitor sub-cellular Ca 2+ activity in behaving rodents. We also previously developed a system of a microendoscopes attached to a fiber bundle and a right-angle micro prism (the periscope method) for measuring Ca 2+ activity directly from the apical dendrites of cortical layer 5 neurons in both anesthetized and freely moving rodents (Murayama and Larkum, 2009b; Murayama et al., 2007) . Monitoring dendritic activity in behaving animals will be crucial for understanding various brain functions because dendrites are thought to be related to a number of important brain functions, such as sensory perception (Chen et al., 2011; Manita et al., 2015; Murayama et al., 2009; Xu et al., 2012) , motor functions (Cichon and Gan, 2015) prediction of place fields (Sheffield and Dombeck, 2015) , and feature selectivity (Bittner et al., 2015) . By performing fiber-optic imaging, we demonstrated that activity of L5 neuron dendrites is a neural correlate of awake behavior (Murayama and Larkum, 2009a) . In this view, fiber-optic imaging/recording systems are powerful tools for assessing the relationship between behavior and neural activity, even within dendrites or deep brain regions.
Understanding the correlation between neural activity and behaviors is not sufficient to conclude that there is any causal relationship between the two. Rather, this would require manipulating neural activity and observing the resulting animal behaviors. Optogenetic manipulation of neural activity can artificially stimulate (Boyden et al., 2005; Gunaydin et al., 2010) or silence (Chow et al., 2010; Han et al., 2011 ) the targeted neurons with cell-type or pathway specificity and high-temporal precision. Furthermore, the combination of optogenetic manipulation and fiber-optic systems can facilitate this manipulation within the deep brain regions of freely moving animals. Selectively illuminating axons using optical fibers helps dissect a specific pathway from a complex circuit. This, in turn, facilitates our understanding as to the functional role of that pathway on brain function (Manita et al., 2015; Root et al., 2014; Stefanik et al., 2013; Tye et al., 2011; Yamamoto et al., 2014; Zhang et al., 2014) . Therefore, fiber-optic imaging/recording and a manipulation system are useful for revealing the relationship between behaviors and neural activity across various brain regions. Thus, the purpose of the present paper is to provide both a review and outline the application of fiber-optic imaging/recording and manipulation devices across various experimental domains.
Fiber-optic imaging/recording systems
2.1. Fiber-optic imaging/recording system structures and properties A conventional epi-fluorescent microscope can be used for fiberoptic imaging/recording. A bundle-fiber can be used to create the necessary resolution; otherwise, a single-core fiber can be used to record activity from a single point. In either case, in a simple fiber-optic system, the fiber is placed under the objective lens of an epi-fluorescent microscope (Fig. 1A) . Fluorescent changes via the fiber and the objective lens are then detected via a CCD or CMOS to account for spatial resolution (or a photodiode for no resolution). Choosing a system configuration depends on the research goal (e.g., whether spatial resolution or a higher sampling rate is required). Below is a list of the advantages and disadvantages of an imaging system compared to a recording one.
Advantage: (1) Spatial resolution, depending on the specifications of the bundle-fiber and CCD or CMOS.
Disadvantage: (1) A slower sampling rate compared to a onepoint recording system. This is because CCD or CMOS sampling speeds are slower than a photodiode (sub-millisecond). However, Ca 2+ fluorescent changes take time to occur (several milliseconds for onset, several hundred milliseconds for decay time), suggesting that sub-millisecond sampling rates may be beyond any Ca 2+ imaging specifications. Recent CMOS assessments have revealed that they can achieve fast sampling for a full frame (e.g., a 100 Hz sampling rate for full frame imaging, ORCA-Flash4.0 v2, Hamamatsu Photonics) by reducing the imaging size, or bin pixels (e.g., to 1 kHz). Therefore, this disadvantage in sampling rate in Ca 2+ imaging tends to be small or negligible. In contrast, GEVI (genetically encoded voltage indicators) can respond faster (millisecond-order) than Ca 2+ sensors. Therefore, the disadvantages associated with the sampling rate of photo detection devices remain an issue in optical imaging with GEVI. (2) Another disadvantage is that a bundle-fiber is more costly compared to a single-core fiber. (3) Finally, if the fiber is inserted into the brain, tissue damage is possible. The bundle-fiber diameter (300-1000 m) is usually larger than a single-core fiber (>10 m), which results in a more widespread area susceptible to damage. A single-core optical fiber has only one guide that can transmit light. A typical single-core fiber has this core surrounded by a clad, which may be further covered by a protection jacket. The clad is made at a higher numerical aperture (NA) compared to the core, and as such, an internal light reflection in the fiber can be kept in the core. Fiber specifications (e.g., NA and wavelength range) depend on the fiber's material. Therefore, choosing a fiber also depends on the overarching research purpose. Thick (larger diameter) and high-NA optical fibers can illuminate large brain regions and can collect neural activity from those regions. Thin and low-NA optical fibers are well suited for targeting a local brain region. If one wishes to record activity from a large area within a deep brain region, a thin and high-NA fiber is suitable for minimizing damage while maximizing the recording area. Higher physical fiber flexibility is preferable when recording from freely moving animals. An optical fiber made from silica glass is relatively rigid compared to a plastic optical fiber (POF). However, silica fibers can efficiently transmit both the excitation and emission of light compared to a POF, which increases the signal-to-noise ratio. To make a silica fiber more flexible, the use of a long fiber (more than 1 m) will alleviate any rigidity problems.
Bundle fibers for spatial resolution
Fiber-optic bundles, which consist of up to 100,000 individual cores in a closely packed arrangement, enable imaging with spatial resolution (Flusberg et al., 2005 (Flusberg et al., , 2008 Goto et al., 2015) . However, because fiber-optic bundles do not produce a focal plane, they mainly collect light at lower levels, where tissues may be damaged. This problem can be solved with a graded index (GRIN) lens, a cylinder similar to an optical fiber that creates a focal-plane with its radial or axial variation in a refraction index while a general lens produces a focal-plane depending on its curvature ( Fig. 2A) . The combined use of different-NA GRIN lenses can up-or downscale images (Fig. 2B) . By connecting the GRIN lenses and fiber-optic bundles, this image is transmitted to the objective lenses (Fig. 2C ). An optical assemble of GRIN lenses and single-core fiber can also make a focal-plane, which would be beneficial for increasing light intensity at the target site and avoiding illuminating a non-targeted area (Fig. 2D) . Although thick GRIN lenses may damage the brain, an observation device using a GRIN lens with a small diameter (<450 m) was developed for its minimal invasiveness (Osanai et al., 2012) .
Regulation of the illuminated area
The brain is characterized by a number of stereotyped structural patterns, including cortical layers, hippocampal areas, and amygdala subregions. To illuminate these circuitry structures, regulating the light path from the optical fiber end to the object is highly important. First, a straight illumination refers to illuminating the area under the fiber and collecting activity from that region (Fig. 3A) . Light intensity immediately below the fiber is the highest, and it exponentially decreases. Light intensity can be estimated at the target brain region using a chart available from the website of the Deisseroth laboratory at Stanford (http://www.web.stanford. edu/group/dlab/cgi-bin/graph/chart.php). If the lens is attached to the end of the fiber, it can focus light at a certain depth. This lensassembled fiber can be useful, for example, in recording cortical 2/3 layer activity while avoiding insertion of the fiber into the brain. In this case, a lens that has a 200-300 m working distance is attached to the end of the fiber, and the lens is placed on the cortical surface (but note that the excitation light will also reach L1, and the deeper layers, even if L2/3 are the most focused). On the other hand, an angled illumination type, in which a microprism is connected to the optical fiber, can illuminate a brain region vertical to the axis of a fiber (Fig. 3B) . With this system, only a superficial layer of the cortex can be illuminated to record dendritic activity of a layer 5 pyramidal cells ( Fig. 4A ; (Murayama and Larkum, 2009a; Murayama et al., 2007 Murayama et al., , 2009 ). This prism is also beneficial for imaging neural activity in somata across all cortical layers (Andermann et al., 2013; Goldey et al., 2014) . For local illumination in the target region, the beveled guide cannula (which covers an optical fiber) can prevent the broadening of light in the covered direction (Fig. 3C) . This covered fiber is used for localizing light stimulation. Tye and colleagues have also leveraged it to selectively illuminate the central amygdala while avoiding the nearby basolateral amygdala (Tye et al., 2011) .
Neural activity sensors
Local application of a membrane-permeable synthetic Ca 2+ indicator (e.g., Oregon-Green Bapta1-AM (OGB1-AM) or Fura 2-AM) in the brain enables Ca 2+ imaging of in vivo neural activity (Garaschuk et al., 2006) . Fiber-optic recording with OGB1-AM has been able to reveal spontaneous Ca 2+ waves in resting newborn mice (Adelsberger et al., 2005) , cerebral sensory evoked responses (Grienberger et al., 2012; Murayama and Larkum, 2009b; Murayama et al., 2009) , and activity in the motor cortex during movements (Adelsberger et al., 2014) . Neural and astrocytic activity alike can be revealed by loading Rhod-2 AM, which is selectively transported into glial cells (Schulz et al., 2012; Takano et al., 2006; Thrane et al., 2012) .
Genetically encoded calcium indicators (GECIs), such as those from the G-CaMP and R-CaMP family (Chen et al., 2013; Inoue et al., 2015; Nakai et al., 2001; Ohkura et al., 2012a,b; Tian et al., 2009) , and the Yellow Cameleon family (Horikawa et al., 2010; Miyawaki et al., 1997) , have several advantages compared to synthetic Ca 2+ indicators. For instance, GECIs can be targeted to specific cell types, depending on certain promoters (Ghosh et al., 2011; Lutcke et al., 2010) . Second, they are compatible with long-term (e.g., over one month), repeated in vivo measurements due to stable probe expression (Mank et al., 2008; Tian et al., 2009 ). However, the temporal resolution of Ca 2+ imaging/recording has room for improvement. For instance, using a voltage-sensitive dye (Homma et al., 2009; Jiang and Yuste, 2008) and GEVI (Jin et al., 2012; Kralj et al., 2012; Looger, 2012; St-Pierre et al., 2014) , which both have millisecond-range temporal resolution, could alleviate this problem. GEVI can record in vitro action potentials and sub-threshold membrane potentials. Cell-type-specific recording of population level voltage dynamics have recently been observed in awake animals (Carandini et al., 2015) . However, their dynamic signaling range is limited (∼1% response to action potentials in cultured cells). Further efforts to create brighter GEVIs are required to visualize voltage activity within individual neurons in behaving animals.
Neural activity can also be observed by changes to chemiluminescence intensity. Chemiluminescence generates a visible light signal through a localized chemical reaction without external illumination. Chemiluminescence is detected by photosensors without needing a light source (Yamaguchi et al., 2001) ; thus, the fiber-optic chemiluminescence system can be miniaturized to reduce any burden upon freely moving animals. However, chemiluminescent neural activity imaging/recording is rarely used due to a lack of highly luminescent probes. This problem might be alleviated by using brighter chemiluminescent probes (Saito et al., 2012) .
Chronic system
A wired-type Ca 2+ imaging/recording system exists for chronically monitoring neural activity. Examples of this type of system can be divided into two groups: one is an optical fiber-removable recording type (Gunaydin et al., 2014) , and the other is a miniaturized imaging microscope ( Fig. 4B; (Ghosh et al., 2011) ). The fiber-removable system includes a single-core optical fiber tether (several cm in length) that is set between the animal and the rotary joint used to avoid any tangles. The fiber tether can be removed from the mouse's head after the experiment, the animal can be transported to the home cage, and the tether can be re-attached for the next experiment. A miniaturized microscope was developed by the Schnitzer group (Ghosh et al., 2011; Ziv et al., 2013) . This microscope contains head-mountable light sources and photosensors that are connected to electrical wire tethers, which can image activity within multiple neurons (several hundred cells) at a single-cell resolution (Ziv et al., 2013) . Advantages of a miniaturized microscope include high spatial resolution and flexible electrical wires. Disadvantages include the price and size (11 mm × 14 mm × 20 mm), which may impair the complicated surgery required for combined application with other methods.
Wireless imaging/recording systems should be ideal for studying social interaction among freely moving animals. However, due to technical limitations regarding speed, data transmission, and the size of the device and battery, wireless imaging systems that include a light source and detection mechanisms have not been developed. In lieu of an imaging system, we have previously reported on a wireless miniaturized one-point microscope that can allow us to perform Ca 2+ recording from a neural population . As the system did not focus on achieving spatial resolution, the technical issues for developing the system were alleviated.
Combining fiber-optic imaging/recording with other methods
Thin optical fibers can be combined with several other methods, which can obviate the limitations of any single method. First, simultaneous Ca 2+ imaging and electrophysiological recording from the same neurons could combine the advantages of the spatial resolution of Ca 2+ imaging and the temporal resolution of electrophysiological recording. In fact, activity from the same single neuron is recorded both optically and electrophysiologically with a dual-core optical fiber, incorporating an optical and a hollow core (LeChasseur et al., 2011) . Although this aforementioned study recorded from a single neuron, a multiple-neuron recording system could be developed by using tetrode bundles glued to an optical fiber (see Section 3.3 below). Second, since fiber-optic imaging/recording is free from artifacts triggered by electricity or magnetism, fiber-optic methods can record neural activity during transcranial magnetic stimulation (TMS) (Murphy et al., 2011) and can be combined with functional magnetic resonance imaging (fMRl) to reveal the cellular mechanisms underlying blood-oxygen level dependent (BOLD) signals (Schulz et al., 2012) . Third, fiberoptic imaging/recording with local drug application helps highlight the relevant circuitry and molecular mechanisms underlying the neural activity of interest. Using this method, we have previously revealed the dynamic regulation of dendritic activity in cortical layer 5 pyramidal cells via cortical interneurons (Murayama et al., 2009 ). These combined uses should facilitate further exploration into neural circuitry dynamics during behavior. 2+ imaging system. The periscope consists of a prism combined with a GRIN lens and fiber bundle. A sketch (gray) of an L5 pyramidal neuron drawn to scale is used to show the size of the periscope system relative to the apical dendrite. Adapted, with permission, from Murayama and Larkum (2009b) . (B) Miniaturized one-photon microscope. Scale bars = 5 mm. Adapted, with permission, from Ghosh et al. (2011) . (C) Micro-LED (top, adapted, with permission, from Kim et al. (2013) ) and wireless LED photo-stimulation system (bottom, adapted, with permission, from Iwai et al. (2011) ). Scale bar = 10 mm (bottom). (D) Bundle-fiber based Ca 2+ imaging and manipulation system. Adapted, with permission, from Szabo et al. (2014) . (E) Active-cell specific manipulation using the c-fos promoter and a Tet on/off system. Adapted, with permission, from Liu et al. (2012) . (F) Optrode for multichannel recording of neural activity with optogenetic manipulation. Adapted, with permission, from Anikeeva et al. (2012) . (G) Fiber-attached silicon probe for the readout layer profile of optogenetic manipulation. Adapted, with permission, from Royer et al. (2012) .
Fiber-optic manipulation systems

Circuit and cell specific manipulation using optogenetics
Optogenetic manipulation can control neural activity with celltype and projection selectivity, which enables us to investigate causal relationship between specific circuit activity and behaviors (Prakash et al., 2012; Zhao et al., 2011) . Cell-type-specific manipulation requires the expression of light-sensitive opsin proteins on neurons of interest by choosing cell specific promoters. Celltype-specific opsin expression can be supported by the Cre-LoxP, Flp-FRT, or Tet on/off system (Gunaydin et al., 2014) . For example, the combination of the Tet on/off system and the promoter of c-fos, an immediate early gene often used as a marker of recent neural activity, allowed expression of opsins in activated neurons ( Fig. 4E ; (Liu et al., 2012) ). Pathway-selective manipulation requires opsin expression on the targeted cells or brain region and local illumination with an optical fiber toward the brain area where axonal terminals of the opsin-expressing neurons are projected (Manita et al., 2015; Root et al., 2014; Stefanik et al., 2013; Tye et al., 2011; Yamamoto et al., 2014; Zhang et al., 2014) .
Fiber-optic manipulating system structures and properties
A basic optical manipulation system is relatively simple compared to either optical imaging or recording (Fig. 1B) . Fiber-optic manipulation requires a light source that can produce optimal wavelengths for the specific activation of an opsin, but it does not require a detector. An optical fiber tether has been used for optical manipulation among freely moving rodents in various contexts, including learning and memory (Ciocchi et al., 2010; Goshen et al., 2011; Liu et al., 2012; Pan et al., 2013; Rolls et al., 2011) or sleep/wake cycles (Adamantidis et al., 2007; Carter et al., 2009 Carter et al., , 2010 Carter et al., , 2012 Tsunematsu et al., 2011 Tsunematsu et al., , 2013 Tsunematsu et al., , 2014 . For manipulating neural activity during more complex behaviors, such as social interaction, home cage behaviors, wheel running, and complex maze navigation, a wireless type optical manipulation system is desirable due to there being nearly no danger of breaking a fiber that is twisted. Wireless, small head-mountable LED devices have been developed and used for freely moving animals (Iwai et al., 2011; Manita et al., 2015; Montgomery et al., 2015; Wentz et al., 2011) .
For illuminating deep brain areas, there are two alternatives: inserting optical fibers into the brain region of interest (the conventional method) or micro-LEDs that are attached to a thin sheet ( Fig. 4C ; (Jeong et al., 2015; Kim et al., 2013) ). Micro-LEDs produce smaller lesions than optical fibers due to their thin structure, but they heat the tissue. To avoid misunderstandings caused by the possible side effects of mechanical, temperature, or photo damage, it should be confirmed that these issues are not present by monitoring the behavior of the animals that underwent sham surgery, or animals that have been light-illuminated without using opsin as a control. For noninvasive optical manipulation in deep brain regions, red-shifted ChR (ReaChR) for neural activation (Inagaki et al., 2014; Lin et al., 2013) , or Jaws (Chuong et al., 2014) for neural silencing, should be useful since red light penetrates deeper into tissue than other visible wavelengths.
3.3. Combining fiber-optic manipulation with other methods
Readout of optogenetically manipulated neuronal activity
Optogenetic manipulation is useful for revealing causality among specific neurons, neural circuit pathways, and behaviors. However, optogenetic manipulation, itself, cannot provide a readout of neural activity. A researcher would need to understand when, to what extent, and how, neural activity changes during behavioral changes triggered via optogenetic manipulation. For this purpose, other physiological recording methods can be combined with optical manipulation.
Thus far, the most useful readout method that can be combined with optogenetic manipulation is electrophysiological recording. This is because optical manipulation produces nearly no electrical artifacts during neuronal recording, except those generated by the photoelectric effect due to the direct exposure of highpowered light onto the metal portion of the electrodes (Cardin et al., 2010) . Optrodes, which combine optical fibers with tetrodes (which can detect neuronal activity extracellularly and consists of 4 electrodes), are used for revealing activity from individual neurons within local or global neural circuits during optical manipulation ( Fig. 4F ; (Anikeeva et al., 2012; Cohen et al., 2012; Royer et al., 2012) ). A silicon probe, which is another type of extracellular electrode that targets several recording sites (e.g., 16 sites, each is separated 100 m distance) and is vertically aligned, is useful for understanding the effects of optical manipulation on cortical or hippocampal layers ( Fig. 4G ; Atallah et al., 2012; Lee et al., 2012; Olsen et al., 2012; Royer et al., 2012) ). This combination of fiber-optic manipulation and extracellular recording is applicable not only to rodents but also primates .
For simultaneous manipulation of local neural activity, as well as monitoring effects in a whole brain region, fMRI is applicable (Lee et al., 2010; Takata et al., 2015; Weitz et al., 2015) . However, fMRI has limited temporal resolution as compared to electrophysiological recording and optical manipulation; thus, such data should be interpreted with caution.
Optogenetic identification of extracellularly recorded neurons
A readout of neural activity during optical manipulation can also be used for optogenetic tagging, whereby the cell type of the recorded unit can be identified Kvitsiani et al., 2013; Pi et al., 2013) . Genetic tagging steps include expressing Channelrhodopsin-2 (ChR2) in neurons with genetic specificity and illuminating the area around the neuronal soma using optical fibers. Subsequently, neurons that instantly respond to illumination can be identified as the target genetic type Kvitsiani et al., 2013; Pi et al., 2013) . The steps for antidromic tagging of projection-type identification include stimulating ChR2-expressing axonal terminals with optical fibers and recording evoked unit firing around the ChR2-expressing soma (Ciocchi et al., 2015; Jennings et al., 2013; Li et al., 2015) .
Simultaneous application of fiber-optic imaging and manipulation
Fiber-optic manipulation generally activates relatively large numbers of opsin-expressing somata or subcellular components that are located around the fiber, even when methods are selected for local illumination or for cell-type specific expression, which results in difficulties producing more fine manipulations (e.g., photostimulation of a single soma or dendrite). Recent advancements in the simultaneous application of imaging and manipulation using two-photon lasers enabled single cell-specific manipulation in head-fixed animals (Packer et al., 2015; Rickgauer et al., 2014) . In freely moving animals, simultaneous imaging and manipulation with a bundle-fiber enabled near-cellular resolution photoactivation (Fig. 4D, (Szabo et al., 2014) ). Although light for photostimulation may disrupt Ca 2+ imaging data because the stimulation wavelength slightly overlaps with the excitation wavelength for imaging, this issue can be solved by using Ca 2+ sensors (or opsin proteins) that do not have overlapping wavelengths. Further improvements in optical devices, including optical fibers, photodetectors, light sources for higher spatial resolution, and the development of new sensors and opsins with different color variations are required for more fine imaging and manipulation.
Conclusions
Optical fibers are able to assess animal behavior using both optical imaging/recording and the manipulation of neural activity. Proper optical fibers and peripheral devices should be selected or developed, depending on the experimental goals and the behavior of interest. For example, wireless devices are suitable since they are free from problems related to twisted wires (as could be the case when testing social behaviors). Conversely, wired-type interfaces are advantageous for long-term experiments, as there are no issues related to battery capacity.
Fiber-optic imaging has recently undergone great advancements in terms of its spatial resolution for visualizing single cells (Ghosh et al., 2011; Jennings et al., 2013; Ziv et al., 2013) . However, devices still have room for improvement in terms of their ability to image single dendrites or axons in freely moving animals. Apart from device improvements, other areas for enhancement include improving GEVI for faster response times, inducing brighter fluorescence, and creating higher S/N ratios.
Fiber-optic manipulation can regulate neural activity with cell-type specificity, pathway selectivity, and temporal precision in behaving animals. Target selective manipulation requires the localization of both opsin expressing neurons and an illuminated area. These requirements are supported by molecular techniques and device components (e.g., microprisms, beveled canullae, a GRIN lens, and microLEDs), respectively. Although most previous reports manipulated all light-sensitive somata or subcellular components in a large volume, simultaneous imaging and manipulation of neural activity with bundle fibers has recently enabled near-cellular resolution photoactivation in freely moving animals. We expect further developments in cellular resolution or sub-cellular (e.g., dendrites or axons) illumination methods to better understand their respective roles within single cells or local circuits during behavior.
